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C3/PARATIVE RADIOSENSITIVITY OF PATHOGENIC BACTERIA AND VIRUSES
by

Ghys, R. Vendergoten, J. -C Paquette, V. Fredetize,
C. Plante, V. Pavilanis and J. -C. Gilker
Institute of Microbioclogy anéd Eygiene of the
University of Montreal, Laval, Proviace of Quebec, Caznaca

IUTACIUCTION

The radiosterilization of medical tools as it is currensli;

:ing practiced has as its urznc:pal advantage over autgcliavins tie
2cT that it can be done without raising the texperature or evez at
oW semperature, and over chemical sterilization methods the ’ac+ :a:.
t allow the matarial to be placed in a nermetically sealed coztalner
r to sterilization. It is also possible, in using high-ezergy
zing radiations (at least 1 MeV for monochromatic radiations suea
nose o-'ga:mapem;tting radiocactive elements, at least 3 ¥ of
Deax tension for linear accelerators) to insure one dose of a fa2iri;

orm deptz, without localized coverdosage, even for fairly large
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He?er*beless, inactivation of microbe colonies 3y Ionizing
éiztions is never an all-or-nothing operation., The sterilizing dese
wars depends on the amount of microorganiszs preseat at the outset
:d on the a.g.e of their inactivation curve. If it is Gecided to uza
single dose high enough to destroy all the microorgaznisxzs, one risks
iccnexical changes which, for some viological products, greatly cfTsec
advaazages of the method. Some nave also determizned a "I valuaz"

<ne principal microorganisms, that is, the dose necessary for 320
uction of the nuzber of live microbes (DL 901/1/: if one underst
e nature and the extent of the contamirnation, one should Se acl
7 a dose waich is sufficient to destroy that organicm, redu
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& minizmum the risk of alteration of the irradiated produc:isy
proses that the curve of microorganism inactivaiion is expenen

its entire length, whatever its initial concexntration someziing
nas rarely been established,
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potato /2/. After two passages, 1llU days apart, througn a Sa utor

-2-

In the hope of better understanding the influence of tiesec
ferent factors on radiosterilization possibilities, we znave denir-
sined +he inactivation curve for gamma radiaticn of three inmportant
rathogernic organisms: an aerobic bacterium, the tuberculosis tzelill

znzerobe, ihe agent of gaseous gangrene; and 3 virus, tiae influer
rus. We rnave also studied in the case of Myccbacterium tulerculs

3 of Ciostridium terfringens, the influence of ulcrqo‘c concenir
and length of incubation on the results; in the case of tize virus
(we nave also studied) the influence of the radiation temgerature
in short, we nave determined the inactivation curve of Pseudsmono
a frequent contaminant of viral influenza cultures. <=

MATERIALS ASD METHODS | B \
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Zacterial and viral cultures

e

3. C. G. (3acillus o2 Calmette and Guerin) is a varié*y of .
Titerculosis, which is not pathogenic for man and thus can be handled
with a minimum of precautions; its biology and its methabolism "Iz

itro” are, Hovever, practically the same as those of virulent s

ané, in our opinion, its radiobioclpgical bekhavior can be conszdered
represerntative of tke species. Strzin 568-S 1, from the Pasteur In-
stitute in Paris, has been maintained at the Instl*ute of A;crcsiclsgy
and Eygiene of the University of Montreal since 1938, on glycerized

<ze microbe was grown, for the purpose of radiation, in a an.netic
l1iguid medium derived from the Sauton medium, prepared by cne of us
&?.U-) /3/

We nhave been able to establish, during the first stage oF iz

ex'e--dents, that the radiosensitivity of the bacillus was pracuically

ze saxe if the radiation preceded or i:mediately followed its trans-
n-a“t‘ng onto a cool medium. The culture is formed at 337 + 1° C.
Af<er incubation from 7 to 28 days the microbes 02 each culture <isz
are separated ty filtration through No 2 Whatzman paper, wasned wish &lzzilleld
watar, air-dried at 65° for three days and weighed. It has Zeex
dezcnsirated that the dry weight thus obtained is an exsellen: cri
zucn less sub ective than the bacillary count, of the vi au_lL.,' f
strain of the tudberculosis bacillus /4/. We express the dry wel
ine microbes as a percentage of the volume of the meaiuz at the
den Ltj 1.014 at 20° C). Whnen tie B.C.G. veccine has been rad
s viability is then tested by transplanting it from z diluticw
varying from 1/105 to 1/107 to a solid Dubos medium and counti
colonies after 21 days.
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At the Ins:iitute of %‘croo$ology and Eygiene the strain SWG 121
0% .. verdrinzens, type A, is Kept alive in a brain zedium; it Is
rezetlivated by passage tarough V@ rediuz! and grown for the purzcse cf
reilzzion in T.8.2. broth medium.2 The optical density after incuba-
+<icn is rzeasured by a Kleti-Summerson photo-chromometer at SLP =.

we have utilized strains Al/AA/1/57, A2/Australia/ST, 3/32 1725
nri 3/Tziwan/63 of the infiuenza virus. The virus is irzceceulateld iz
l.-day c.d exbrsonic hens eggs; infected the allantoic liguid I3

coliected after L8 hcurs of incudation at 359 C, placed iz 10 :L.sealed
lzrs and Kept at -T0C C until the moment of radiaticn; degpexnding on <iaz
ces2, the vottles are then dProught tack to room tezperature or trzzsfercé
<o zursonic acid snow. Ey titration, the. decimal dilusions of <he

uspension are inocculated into the 1ll-day old emzryonic e2zs »
(17 e ner dilution); the eggs are incubated as previcusly, then sccled
%o -9 C overnight, to halt viral multipiication. The infectivity is

the Karber method and the “aemagg;u icant activity Ty Hirst's
tern test. -

Condisicns of radiation.

The radiations were carried out from February 1966 to March 1547
oy zezns of a uauuacell 220 of the Atomic Energy of Carada, Lid., charged .
in February 1366 with 4,700 Ci of 60 Co. Dosage was measured. at tzat
iize by tae ferrous suiphate method, with an accuracy of + 2.12%.

ita one exception, all the microorganiszs were radisted unier
ltions nerzally used at the Institute of Mlcroolo-c5j and Hygieze
T

ey -

or culture "in vitro”. In the case of M. tuberculosis, for which
~zere was radiation on the ¢yonhilized 3.C.G. vaccine (120 =g oI wes
tacilll fror & T-day culture and 107 additions of lactose were zazs
zlivz in each sealed Pyrex bvottie), and on cold vaccine {120 mg--wez
welzhs=-=07 p

lé=day bacilli in 2 =l o2 dilute Zauten medius were *la:ai iz
gz22r. 20 cc sealed Ttottle;. In most cascs, nowever, the tuzercuwlcsl

mlcrose was radiated floating on. the surface c? tae culture mediux,
ilztriduted at the rate of 60 ml per culture disa, in flat-totiozesd

225 ¢z Pyrex dishes. Cl. perfrinzens was radiated in susgension In 10 -1
52 2.2.3. Lroth in Hall tubes. The influenza virus, 1Iis Fzeuldcmonzs Ir,.
23 radiatsd in sealed 10 cc bottles containing 10 = of allantsic
-inuld. The tempersature in the Garzmacell radiation chaxzber waz, at

<nr o33, 10 nigher than the %fexmperature of the room; except wnon car-
“eniz acid srow was used, all the radiations werec done at temperatures

of 23 to 259 C.

2. nycdrslezed neﬂsiﬂ-derochloride of beef zuscle and liwvar

2. liydrolyzed trypsic casein from the Baltimore Biological lLadcratories,

-nc., Baltimore, Md., U.S.A.

BEST AVAILABLE COPY -




After the moment of exposure and placement of samples in
z2tion chamber, the expcsure time-table varied froz h‘ *c Z
out 7,500 to 5,L00 B/minute). The schedule nas bveen calculs
n series of radiations, and the error should not nave exceedsz:
+the consrary, we consider it illusory to try to celculate tunz
absorted by such small targets in such a heterogeneous environnc
the dosages zereinafter cited, therefore, are exposure dosages; we
tLope scon to ve in a position to make direct measurezenis Ty nmeanz 7
LiF = cvo0081meuers, which would permit us to express ithe cc-'~b Zo3cro il

a,

-
~
S

(a0
eac
o=

R=3ULT

Zadiosensitivity of the tuberculosis bacillus

D e

Figure 1 suxzmarizes the results of the radiation o2 *he o=
lycpailized 3.C.G. vaccine (each point is the average of the readll
made on 4 Petri dishes). These results are compatible witi an 2
reduction of the sizbility for radiation growth doses, and it can T
estizated taat the DLYO ("D value") is on the order of 46 *+ & 42 7
cold vaccine and about 128 kR for the lyopailized vacecine. The c;ff:-c
Zs consziderable and it shouid also be noted that the lyopnilized v'~c-ue
received 5,300 R administered exactly like the control. IZ ile “en-
*au-atea ﬂold vaccine is transplanted to Petri diskes containing rzil
Dubos mediuz, the number of colonies is the sazme es in the controls
az expcsure o2 24 zR (511 to 512 colonies per dish, on the average, &
a2 dilution of 1:10”); tnere is a decrease in the number of colcnies,
ot s*g:zf:ca‘t (471 to SOT) for doses of from 49 to 350 z2 zul vary
gnificant (90 nolonies per dish) for a medium which received &5 x=.
ince tze decrease in viability of the microbe is manifested after zuck
weaxer dirent exposures, the change in the mediuxr cannot then Ze rezivcn-
sidla for the effects observed for dosages of less than atout «Iil 3.
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At the tire of the tests with radiated B.C.G. ixn
zediuz, we varied the "age" of the cultures at tae mone:n
znd the length of incubation afterwerd. lNormally, in i
sianting onto our medium is followed by a period of latenzy ¢
dzyz, tzen by a period of rigorous exponential growzh to the e
eleventh day, with a generation time ("doudbling tize e") of 24 nou
tne .2th day the development of the culture slzws ratier su nl
i5 <zen a plateau from the 1Lth to the 28th day, with a con:
mass but an increasing provortion of dead microbes. One =¢
n-_“tatlon, the bacterial haze begins to "sink" in the mediw

microves soon lose all vitality /3/.
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on a solid medium, the phenomena observed for doses less than 3

Seginning with culiures two weexs old at the moment of radiuii
we susjected ten cultures which came from the same nunber of passegec
tre Montreal strain, to exposures ranging from 2,500 to 110,000 2. =
series 'ad taree dishes per dose, thus eack of the point i“ Sigure 2
is the averzge of 30 determinations. One notes, in tn-s figure, thit
g

after § days of culture, that is, when the nmicrobes are ian expcnentinl
Frowss, there is g firs.-class relationship tetween the percentage oF
i:h Sition of developzment of the B.C.G. and the exposure uo-wbo sl

A
< days of culture, that relaticaskis is still seen and in additicn, tic
two curves are parallel, allowing a calculiation of a DLYQ of 23 + L =z
Eoweves hece %00 one observe:s, after 1k days, 2 bexd from
of the curve.

. Figure 3 shows, for one particular culture, a drop in yield
similar to that of the preceding test after 7 and 12 days of cul®:
on the other zand, if one allows the culture to develop toc tze 2
one cotains, for doses of radiatiom of about 30 xR, & growtz ai lea
as good as for the controls, after which the drop in yield is aorﬂ;
Tals phenomenon is even more marked after 28 days of ircudatioz
an undeniable increase in yield is observed up %o 42 xR,

Since it seemed that "radiostimulation" of the cultures waz o3t
visiole when one started with old cultures and allicwed them to grow tie
lozgest possidble amount of time after radiation, in later tests we ul.u
cultures which were from 14 to 28 days "cld" which we then incudu
28 days, in order to be able %0 measure the maxizmum potential of
strzin. Uznder these conditions there can be seen to be (Figure &) 2
very constant increase in weight, reaching 8 per cent after cne dose
of 30 o 25 kR (average of 8 cultures) after this maxizum there Iz =n
abrupt drop. With weak doses thé increase in 14 to 28 day-o0ld roaiss
cultures is practically the same; however, with doses n;g:er than 3 =3,
tae "old cultures" resist appreciably higher doses than the "youn:' cnes.
Tae dlocking of bacillar growth is complete, under the experimentul
aztions used, after about 110 kR for inocula of 1L days, ané atout 12
XR for those of 28 days. Given the shape of the curve showing <nc
response of these vacilli to radiation, it is not possible to ztiriiutu
a single value to the DL9O.

bt
vee

“a

3

wea

A) (&

3
s

Figure 5 represents the results obtained with b diffcrent ciliurs
wnen the microbes are introduced into a medium <= o ;
and then cultivated for 28 days. Radiation of the medium doe
ary effect Zfor doses up to 3C0 XR and, in two cases ocut of I
LSO%R. TFor the higher doses one chserves a very rapid rate
wnich does rnot exist if the medium nas received mcere than TC
nzve also reported in this figure the resuits obtained Ly rad
tne microte in the pre-test stage. A compar*so £ the curve

Q o 0

, 23 in the case of the vaccine which is radiated and then

’\"

Ve 2

cun only e due to a direct effect on the microbe.
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Badiosensitivity of Cl. perfringens

Tigure 6 represents the variation of optic density of the cul-

in terms of the exgosure, so that the inoculum is 0.1 ml or 1 =1
: f tecillar suspension for 10 ce of T.S.B. medium for the incubatios
cerisd of 1-3 days. The exposure doses used range from 5,5C0 R to
2,235,020 R. Tor each point on the curve thke incubaticzs have been
regeated 3 to 10 times; each dose must be read on two columns.

ct

p

"y
‘e
$4e By

After 2L hours of incubation, the inactivation curve for e weax
inoculun is signoidal. A total inhibition.of the bacterial growta is
oztained for doses which are equal to or greater than 600 kR and one can
calculate that for very strong doses the angle of the inactivation curve
corresponds to a DL90 of about 130 kR. However, if one waits 3 days
sefcre measuring the optical density, one realizes that ine figures
have scar ;elj any significance because, in this case, at about kg 22
tae inactivation curve levels off and after 1,300 kR there Is another
significant spurt of bacterial growth.

iIf the inoculum is 10 times greater, it is surprisinzg to zoze

<zat iz the non-radiated controls the optical density, af .e*'l tc 3 deys,
is not as nigh as in the first case. After 24 hours of inctvbatica,

the iznactivation curve levels off after LCO xR, ezd tae inhidbition o?f
=icrcoial growth is only complete for doses equal to or greater th
1,3CC xR, For all the reservations which we have expressed as to tle
value of these figures, one can estimate that, for the second part of

tae curve, the DL90 is in the neighborhood of 1,150 to 1,200 &R. Finglly,
. after 72 nours the curve contains three segments with ever decreasing
angles: tetween 1,306 and 2,300 kR. The bacterial growth is very weax
ut the amount does not dlmlnlsh too 51gn1f1cantly with incresased
exposure.

Padiosensitivity of the influenza virus

It is remarkable to note that, in a¢l our tests, haemagzl
27 ¢ viral suspensions has never been influenced by the stro
es of radiation which we have used (up to 4 YR)(Fizs. 7, 8 a=
5 otservation is in contradiction to ihose of the ather a"t:
<he difference no doubt stems from technical reasons. On
ne infectivity of the virus lessens in a wey which at
m3 to be exponential as a result of exposure to gamma rays;
are a bit rmore sensitive than strains A: on e can caiculate
wing DL9O's:

¢ BN12 '1 p. ) r.
"
QO '~~~

ty ¢t
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straia 3/GL 1,739: 75 kR; straiz AL/AA/L/5T: 9k <R

strain B/Taiwan/63 82 XR;

strain A2/Australia/S7T: 135 <X

However, it is evident, according to figure T, thai for %ie group Al
stiain whick we have used, the shape of the curve changzs for the

0

strongess doses, sunnos’ng there are two viral populations w
gifferent radiosensitivity, and supposing, as we have sugres
recent publication /6/, that there is reactivation of viral
\multiplicity reactivation). This pnenomenon is even more
or the group A2 strain, if the virus is radiated at the su:
temperature of carbonic acid snow (-78.5° C) (Pigure 8) znd
then in group B (Figure 9): the inactivation curve of stirain
03, 3erfectly exponen ial a. + 20° c, becomes szgmo id at -72.5

~

ty

A

a Da9o .nat u‘ght he significant. Tae influenza virus cultures

~often contaminated by Pseudomonas. We have radiated very niraly c

h IV

[ 7]

*

teminated a¢lant01c liquid: Figure 10 shows the radiosensitivicty o7

thase microorganisms, compared to those of strain Al of the virus

adiated at the same time and under the same condiiions. Waile

Ph et
1% WooX

2 ¥R to inactivate the virus, Pseudomonas has a DLI0 of atout 9 xR
and spaller exposures of 100 kR suffice to completely clear the mediux=.

DISCUSSIONS AND CONCLUSIONS

Comparison of the radiosensitivity of several patihogenic

v

e e e . i 85+ e P

G R WG WL

ard bacteria requires the revision of certain classical notions wai
one would have a teandency to consider valid for microorganisas in
general, whereas they only apply to particular microbes, suca &s
Zscherichia coli.

The stizulant effect of weak doses of radiation is still very
controversial. James /7/ has shown evidence of a stimulation of =izosis
in yeast cells by weak doses of radiation: +this stimulatioz i
due td & zutation and is maintained for many generationms.

evidence, the radiostimulation that we have observed in the 2.C.G.
up to exposures of L0 xR is related to another vhenomen
taat it can be explained by selection, Jrow & llewcrogenecus micreha
population, of highly prolific resistant lines. It is alsc probazl
tzat the individuals destroyed by radiation furnish the resistant lin
wita components which they can directly utilize for trheir syntzesis.
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The shape of the igactivation curves of Cl. parfrinzens secms
o demonsirate that although no spores are visible under the microscope,
there zre extremely radioresistant spores within the cultures. After
strong cdoses of exposure undeniable, thcugh very limited, bacterial
multiplication remains. One could suppose that, in this case, radio-
chexical changes in the medium inhidit or retard ‘tke germiration or -
wth o2 these radioresistant spores.

In the case of iufluenza virus, the peculiar skape of the inac-
tivation curve of the virus cf group A or that of tie two groups at low
temperature, might be explained in many ways: whatever caused the varia-
tion in the angle of the radiosensitivity curve, nothing remains o
inactivate the lest viral particles but an even stronger dose of raudia-
tion, tae effects of the first exposures of which cannoct be forescen.

A comparitive study of our results also obliges ome to discard
on that trze sensitivity of an organlsm is proportionate to i<s
;ntersely propertionate to its structural complexity: CIi.
ans -- even disregarding the spores-and urder certain conditiocs,
sarculsslis, are more resistant than certain strains of influernz
. Jor éo ocur results corroborate tne idea tiaat the radiosensisiviy
of a ~ircoorganism can be represented by an expuneniial or a simple
sigzmcid, correspondines o one tarzet at a single blow or at a small
sumher of blows /8/. Ziumer /9/ working on an apparently very simplie _
system, an RIA solution "in vitro", has recently shown tkat an exsponeantial
surve can te the result of the summation of two mere complex curves..
‘We rave seen apove that, with Cl. perfrinzens, by the sinzgle fact that
the Initial bvacillar concentration varies bty a factor of il it coxpletely
modéilies the radiosemsitivity of that biological system, waich iz a2ven
mor2 complex than it appeared to be at first glance. To iry to formulate
‘radioseasitivity mathematically requires too many approximations zud
simpiifications. The DL9O (D value) notadbly is only significant under
vary nrﬂc:se conditions and its calculaticn most frequently requires
that one disregard the effects of the weakest and the sirongest dcses:
a comparison of the radigsensitivity of various orgazisms vased ¢n such
fizures thus has but little value /1/.

Uow f'.'
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Two important practical conclusions seem to us %o arise from this

~--The utilization of cne single dose (for exampic: 2.5 M rads,
Zritish Prarmacopoeia, 1963) for radiosterilization leads to e erposur
which is unnecessarily high in some cases and insufficient in otrhers.
It is also gecessary to know which organisms have been destroyed and
waat is their initial concentration. If one begins wita a "bacterislogically
approzriate” material, it is probable that in most cases exposure o
several hundred kR will be sufficient to give a “coafficient of recduct:
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o2 vizbility" of the contazmin ants, equivalent, in practice, to steri
ization. Oz %the other nand tkhere are organisms, sarticularly anaerchic
decterial spores, resist doses that are stronger tian those
cur*e 1tly recormmended: in theory, one skould aimost rever speak of
"pradiosterilization". One can also cozbine a relatively weax dosze of
radiation with =ild thermal sterilization, or simple pasteurizatica
The radiation end reating conditions must be very exacily specified
i; eelsh case: ae-ne, for example, shcwed that to reduce the numter of

pores of Cl. botulinu tae order in which the two operations erz
-1t

!;'nq' =

ca:rzed out is importaat /10,11/. This combined "radio-tzerrali" steril-
izaticn may, perhaps, be the preferred method in a few years.
--"Selective radicactivation" is sometimes possivle: the viadility

of a microorganism used, for exemple, to produce a vaccine may not be
seriously affected by an exposure which completely destroys & dctentizl
contaminant. Figure 10 shows that exposure of anti-influenza voceize
100 kR or less makes it possible to halt all contamination Tty
’seudo nas_ without significantly affecting the viability of the wvirus.
=z anotner connection, the strains of the influenza wvaccipe tzat we
used are completely inactivated at the terperature of the laioratory
by exposures naving from 0.8 to 2 MR, depending upoz the strain, while
heir hemagglutinant power is unchanged. One might expect, when ziving
a dose of sometning like 2.5 MR, to prepare an inactive enti-influenza
vaccine, the aatigenic structure of which might perhaps be rore 1o“ma;
than that of the inactive yaccine prepared by other methods and ih
"vaccirating” power of which would thus be greater. We thinkx that tx
researca direction opens a promzs1ng avenue for radiat 1on of biologi
prcducts.
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